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EXECUTIVE SUMMARY

On November 19, 2010, the City of Raleigh (“City”) was awarded a Preliminary Permit 
to conduct studies and prepare a license application for a hydroelectric project it 
referred to as the Falls Lake Dam Hydroelectric Project, Federal Energy Regulatory 
Commission (“FERC”) Project No. P-13623 (“Project”).  

The pre-feasibility study has been prepared concurrently with the Pre-Application 
Document (PAD) to provide preliminary guidance to the applicant.   The pre-feasibility 
study analyzes the variables that impact the economic viability of the development to 
determine if it should advance to a more detailed feasibility study.  An opinion of 
probable construction costs (“OPCC”) was developed from budgetary quotes from turbine 
vendors, R. S. Means Construction Cost Data (“Means”) and internal information.  
Schematic plans were developed for two alternatives as well a preliminary energy analysis 
for each.  Brubaker & Associates, Inc. (“BAI”) prepared a preliminary 70-Year Progress 
Energy Avoided Cost Energy Price Forecast.  A net present value (“NPV”) analysis was 
completed using the cost, energy and energy price information.

Project Layouts

Two turbine vendors were contacted to solicit preliminary quotes for turbines and 
generators.   Table ES-1 summarizes the turbine equipment from the quotes received 
from the vendors and studied in this report.

Table ES-1: Hydropower Development Hydraulic and Electrical Capacities

Alternative

Vendor

No. of Turbines 

and Runner 

Diameter Size

Rated 

Net Head 

(ft)

Hydroelectric

Hydraulic 

Capacity (cfs)

Hydroelectric

Generation

Capacity 

(MW)

Alternative 1
Voith

2 turbines total
2 – 1085 mm (3.6 

ft)
50.0 500 1.90

Alternative 2
CHEC

2 turbines total
2 – 1250 mm (4.1 

ft)
40.0 600 1.70
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Two hydroelectric alternatives are presented for this site. The first alternative proposes to 
extend the existing tunnel and convey water to a new powerhouse located on the southern 
stream bank downstream of the dam.  The proposed hydroelectric plant will receive water 
from a branch off the proposed 17.5-foot diameter steel penstock extension of the existing 
tunnel. A new bypass gate structure will be constructed at the end of the new penstock 
which will discharge into the existing stilling basin.  The hydroelectric plant will be served 
by a 10-foot diameter steel penstock which will be bifurcated to provide 7-foot diameter 
steel penstock branches to each of the two horizontal S-turbines. 

The second alternative proposes to install vertical Kaplan turbines in the intake tower 
located at the upstream side of the dam.  The existing intake structure has two conduit 
openings that discharge into the outlet tunnel. One turbine and generator will be contained 
within a steel framed module that will be attached to the upstream face of the intake tower. 
There will be two turbines and two generator units; one in front of each of the conduit 
openings. Under flood conditions the turbine/generator module will be raised above the 
conduit openings to allow flood waters to pass through unimpeded by the turbine.  

Transmission Facilities

At this time it is not known whether the existing 13.2 kV line can accommodate the power 
from the hydroelectric facility.  An interconnection study will need to done if the project 
goes forward.  For this study it is assumed the existing 13.2 kV line will be adequate.  For 
Alternative 1, a switchyard will be provided adjacent to the powerhouse with a step-up
transformer for overhead transmission to the existing 13.2 kV transmission line located 
within 200 feet of the powerhouse. The existing line is owned by Progress Energy.

For Alternative 2, an electric control booth will be cantilevered off the top of the existing 
intake tower with electric conduits running along the existing bridge then underground for 
700 feet to the existing 13.2 kV underground transmission line and a proposed step-up 
transformer.

Estimated Average Annual Generation and Carbon Offsets

Using the Operational Analysis Simulation of Integrated Systems (“OASIS”) model 
developed by HydroLogics for the 82-year period of record (1929-2010), an energy 
analysis was performed based on the vendor-supplied turbine hydraulic capacities, 
turbine efficiency curves, estimates of headloss, and tailwater rating information.  No 
changes are proposed to the operation of the dam.  The United States Army Corps of 
Engineers (“USACE”) will determine the discharge flows and the hydro operator will 
operate the turbines accordingly. Table ES-2 presents the average annual energy 
estimates for the two alternatives and their associated OPCC. 
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Table ES-2: Falls Lake Dam Average Annual Generation and OPCC

Vendor/Layout

Alternatives – No. of 

Turbines and 

Runner Diameter 

Size

*Avg. Annual 

Generation over 

Period of Record 

(from OASIS 

Model)

OPCC Estimate

($2011)

Alternative 1
Voith  

2 turbines total
2 – 1085 mm (3.6 ft)

7256 MWH/yr $28,372,000

Alternative 2
CHEC

2 turbines total
2 – 1250 mm (4.1 ft)

4608 MWH/yr $7,825,000

* All generation estimates assume a 5% downtime due to scheduled and unscheduled 
outages.

Hydroelectric power is generated without any emission of carbon dioxide or other 
Greenhouse Gases (GHGs).  The Carbon offset for Alternatives 1 and 2 are estimated to be 
6060 metric tons and 3850 metric tons of CO2 equivalents per year, respectively.

Net Present Value Analysis- Baseline Case

Using the average annual energy estimates, OPCC, and electricity price forecast, NPV 
analyses were conducted for each alternative for a baseline1

1 The baseline case reflects the most likely scenario relative to energy pricing (reference), annual 

case.  The NPV baseline case 
parameters are listed in Table ES-3.

operation and maintenance costs ($20/MWH), and bond rate. Baseline case does not include any 
potential renewable power incentives that could be available.
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Table ES-3: NPV Baseline Case Parameters

Variable Baseline

Licensing Costs Not included in NPV analysis

Engineering Design Costs Alternative 1 Voith: $2,488,000, 
escalated at 4.5% annually
Alternative 2 CHEC: $689,000 
escalated at 4.5% annually 

OPCC Escalated annually at 4.5% 

Energy (MWH) Based on average annual generation 
produced by OASIS model for period 
1929-2010, reflects 5% downtime
Alternative 1 Voith:
7,256 MWH/yr
Alternative 2 CHEC:
4,608 MWH/yr

Energy Price Reference Price (nominal $/MWH) 
Progress Energy Avoided Energy 
Costs

Turbine Sizing Alternative 1 Voith:
2 @ 55-250 cfs
55 cfs (22% of 250 cfs)
Flow Range: 55-500 cfs 

Alternative 2 CHEC: 
2 @ 85-300 cfs
85 cfs (29% of 300  cfs)
Flow Range: 85-600 cfs

Annual O&M Costs Alternative 1 Voith:
$20/MWH $145,120 
Alternative 2 CHEC:
$20/MWH $92,160 

Annual O&M Escalation Rate 3.0%

Capital Expenditures Escalation Rate 4.5%

Bond Issuance Rate 4.7%

Debit Service Retirement 30-yr
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Table ES-4 lists by alternative, the NPV results for the baseline case.   

Table ES-4: NPV Results for Baseline Case

Alternative 

Vendor

Alternatives –No. of 

Turbines and Runner 

Diameter Size

Baseline NPV, 50-yr 

with 50-yr Debt 

Retirement

Alternative 1
Voith 

2 turbines total
2 – 1085 mm (3.6 ft)

-$16,815,618

Alternative 2
Andritz 

2 turbines total
2 – 1250 mm (4.1 ft)

-$687,911

The large negative NPV for Alternative 1 shows that the downstream powerhouse 
alternative is not economically feasible over a 50-year term and 30-year debt retirement.  
For Alternative 2 – intake tower, the NPV is also negative, but the number is much more 
favorable than for Alternative 1.  

Recommendations

Even though Alternative 2 is a marginal project, we recommend moving forward with a 
sensitivity analysis. This would provide a better sense of the impact of the input 
parameters on the NPV result.  The parameters that could be changed include the price 
of power, bond rate, escalation rates and the annual O&M costs.  The sensitivity 
analysis would show whether the project would have a positive NPV if the high energy 
price provided by BAI or a lower bond rate was used, as a couple of examples.  
Consideration of renewable power incentives could also be included in the NPV 
analysis.      

Should the City elect to move forward with the project following the review of the 
sensitivity analysis results, the next step would be the preparation of a detailed feasibility 
study.  By refining the energy price forecast and construction costs, a more accurate NPV 
can be determined. 

The detailed feasibility study would include the following tasks:

! Obtain as-built drawings of the intake tower and dam and prepare an accurate 
base plan.  If as-built drawings are not available, survey of the intake tower, 
bridge and transmission line area would be needed. 

! Obtain more detailed turbine and generator information from CHEC for the
intake tower development.

! Obtain quotes from additional turbine vendors.
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! Develop a detailed energy price forecast based on projected avoided cost energy 
prices and renewable energy credit values applied to the estimated energy output 
associated with the project.

! Prepare an interconnection study to determine whether the existing transmission 
system can accommodate the power generated by the hydro facility. 

! Meet with the USACE to discuss their engineering and operating concerns, and 
determine what structural analyses they require.

! Review the loading restrictions on the bridge and intake tower, and determine 
how that affects construction.

! Have a structural engineer visit the site to conduct a visual inspection of the 
intake tower and to obtain information to assist in developing conceptual design 
plans.  

! Prepare a detailed headloss analysis.

! Have an electrical engineer prepare a one-line diagram, conceptual layout of the 
electric control booth, transmission line and transformer, and cost estimate.  

! Further review of renewable power generation incentives.

Once the information from the above scope items is completed, the following work can 
commence for the detailed feasibility study.

! Refine energy analyses based on new turbine/generator information and detailed 
headloss calculations.  

! Develop conceptual site drawings based on detailed topographic and planimetric 
features and new turbine/generator layouts.  The design will take into 
consideration the maintenance of equipment and constructability.  

! Analyze the recommended development to ensure it meets the USACE operation 
plan and  dam safety requirements.  

! Perform detailed quantity takeoffs based on new conceptual plans.

! Revise cost opinion based on new quantity takeoffs and market prices.  

! Update the economic analysis based on the updated energy price projections, cost 
estimates and generated energy.  A sensitivity analysis for the detailed feasibility 
study NPV runs can be done, if desired, and the results compared with the results 
of the baseline condition to see which input parameters have the greatest impact 
on the NPV.  The parameters that can be changed include the price of power, 
bond rate, escalation rates and the annual O&M costs.      

Prepare a report presenting the proposed project layouts, the turbine/generator equipment
information and cost quotes, the energy price projections, the energy analyses, the 
interconnection study results, the construction cost estimates, and the economic analyses.   
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1 INTRODUCTION

1.1 Background

On November 19, 2010, the City of Raleigh (“City”) was awarded a Preliminary Permit 
to conduct studies and prepare a license application for a hydroelectric project it 
referred to as the Falls Lake Dam Hydroelectric Project, Federal Energy Regulatory 
Commission (“FERC”) Project No. P-13623 (“Project”).  The Project is comprised of 
the development listed in Table 1.1-1.

Table 1.1-1:  Falls Lake Dam Hydroelectric Project Development

Development River Drainage Area

Falls Lake Dam Neuse River 771 mi2

As an initial step in the process, the City authorized Hazen and Sawyer, P.C. to prepare 
a pre-feasibility assessment of the Project.  Hazen and Sawyer, P.C. engaged Gomez 
and Sullivan Engineers, P.C. to provide specialty assistance in developing the pre-
feasibility study.  This pre-feasibility study analyzes the variables that impact the 
economic viability of the development to determine if it should advance to a more 
detailed feasibility study.  The assessment is based on budgetary quotes from turbine 
vendors, cost estimating manuals, engineering expertise and experience, and information 
gleaned from other projects in which it has been involved.  

The following tasks were conducted for this study.  Greater detail on each task is 
described later in this report.  

! The Wilmington District of the United States Corps of Engineers (“USACE”) 
provided plans of the Falls Lake Dam and outlet release works.  

! Schematic site base plans, and turbine plans and sections were developed for 
each alternative.

! Headloss calculations were estimated from the reservoir intake location to the 
turbine draft tube exit location for each alternative.

! Information was solicited from turbine vendors on equipment options and sizing, 
turbine efficiency curves, schematics/layouts, and preliminary pricing.    The 
information provided was used to evaluate alternative designs and layouts, and 
the economic viability of hydroelectric generation for each alternative. 

! An energy analysis was conducted using the outlet tunnel discharges and 
reservoir elevations from the Operational Analysis Simulation of Integrated 
Systems (“OASIS”) model, turbine efficiency curves, turbine hydraulic 
capacities, estimated headlosses, and tailwater rating curve estimates. 
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! The turbine vendors were provided with the following:

o Preliminary Permit Application Exhibit 4.2 Site Plan and Exhibit 4.3 
Powerhouse Plan and Section.

o The type of turbine, the approximate runner size, normal head range and 
rated discharge.

Turbine vendors provided information on equipment sizing (cubic feet per second 
(“cfs”)) and megawatts (“MW”), turbine efficiency curves, schematics/layouts and 
preliminary pricing.  Voith and China Huadian Engineering Company (“CHEC”) 
were contacted and provided quotes.  As described later, the vendor quotes are 
budgetary, but are sufficient for this study.  

! Brubaker & Associates, Inc. (“BAI”) prepared a preliminary 70-Year Progress 
Energy Avoided Cost Energy Price Forecast.

! An opinion of probable construction costs (“OPCC”) was developed from 
budgetary quotes from turbine vendors, R. S. Means Construction Cost Data 
(“Means”) and internal information.  

! Based on the energy analysis, layouts and OPCC, an economic analysis was 
conducted for each alternative.

Schedule

A schedule outlining the tasks following filing of the Final License Application and 
request for Section 401 Water Quality Certification is contained in Appendix A. The 
schedule represents a best estimate, as the timeline is governed by FERC’s responsiveness 
and potential additional information requests that may be sought by the resource agencies, 
FERC, and non government organizations.  Recognizing the schedule is not firm, it was 
estimated that a FERC license would be issued for the developments in January 2016.  
FERC typically requires construction to begin within two years of license issuance, with 
completion two years thereafter.  For the NPV analysis, it was assumed the final design for 
the project would be done in the two year period prior to obtaining the license.  The 
construction would start immediately after obtaining the license in January 2016 and 
would take 2 years to complete.  The approximate 2-year design period is governed by the 
Intake Tower Alternative at the Falls Lake Dam Development.  Work completed during the 
2-year design period includes: 



Final Pre-Feasibility Report – Falls Lake Dam Hydroelectric Project 
Introduction

H&S Project No. 31089-002 1-3

! 30%, 50%, 90% design drawings;

! City review of the 30%, 50%, and 90% design drawings; 

! Permitting;

! Preparation of request for proposal for firm vendor turbine bids;

! Review of vendor bids, and engineers recommended selection;

! Preparation of request for bids for contractors;

! Review of contractor bids, and engineers recommended selection;

! City executes contracts with selected turbine vendor and selected contractor.

Reevaluation of Feasibility Assessment

Once the FERC issues a license for the Project, the City will know the final protection, 
mitigation, and enhancement (“PM&E”) measures that will be required at each 
development.  PM&E measures could impact capital costs, operational modifications, and 
O&M requirements.  The City will need to evaluate when they wish to start the design 
process versus the risk of PM&E measures affecting the feasibility of the developments.  If 
the City opts to start the design process after obtaining a license, the City should request a 
specific construction start date from FERC.     

1.2 Development Criteria

The following criteria guided this pre-feasibility study:

! The energy and revenue analysis assumes that the Development is not peaked to 
maximize revenue during periods of the day when the price of power may be 
higher.

! The design layouts are based on maintaining full outlet release works flow 
capabilities without the turbines operating.  In other words, the flow capacity of 
the release works without the turbines operating is preserved.

! The energy analysis utilizes flows that would otherwise spill up to the maximum 
capacity of the hydroelectric facility.  

! The City reviewed and approved the inputs to the NPV analysis.   
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2 REGULATORY OVERVIEW AND WATER QUALITY GOALS

2.1 Turbine Vendors

Budgetary quotes for turbines, generators and associated equipment were solicited from the 
following vendors:

! Voith

! CHEC 

Voith was contacted to provide a quote for Alternative 1- Downstream Powerhouse and 
CHEC for Alternative 2 – Intake Tower.  Each vendor was provided an email requesting 
that budgetary quotes be provided for the following equipment: turbines, generators, 
gearbox, controls, hydraulic power unit (“HPU”) and switchgear.   The email explained 
that, based on our preliminary analysis, horizontal Kaplan S- turbines for Alternative 1 and 
vertical Kaplan turbines for Alternative 2 were the preferred options based on the head, 
flow range and layout.  The Preliminary Permit Application Exhibit 4.2 Site Plan and 
Exhibit 4.3 Powerhouse Plan and Section were provided, as well as, the approximate 
runner size, normal head range and rated discharge.

The budgetary quotes received are attached in Appendix B.  Details on each vendor 
budgetary quote are provided within the discussion below.  

2.2 Falls Lake Dam Hydroelectric Development

Layouts

Two hydroelectric alternatives are presented for this site. The first alternative proposes to 
extend the existing tunnel and convey water to a new powerhouse located on the southern 
stream bank downstream of the dam. The second alternative proposes to install turbines in 
the intake tower located at the upstream side of the dam. The following figures include 
layout drawings for the alternatives evaluated:

! Figure 2.2-1.  Falls Lake Dam General Project Location Map

! Figure 2.2-2.  Falls Lake Dam Facilities Location Plan 

! Figure 2.2-3: Falls Lake Dam Development: Alternative 1: Downstream 
Powerhouse and Alternative 2: Intake Tower - Site Plan

! Figure 2.2-4: Falls Lake Dam Development: Alternative 1: Downstream 
Powerhouse - Plan and Section

! Figure 2.2-5: Falls Lake Dam Development: Alternative 2: Intake Tower – Plan 
and Section
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Figure 2.2-1 presents the project location within the State.  Figure 2.2-2 shows the Falls 
Lake Dam and its associated facilities.  Figure 2.2-3 presents an overview of the area 
around the dam and the locations of the Downstream Powerhouse and Intake Tower 
Alternatives.  Figure 2.2-4 presents the powerhouse plan and section for the Downstream 
Powerhouse Alternative.  Figure 2.2-5 presents the roof plan and section for the Intake 
Tower Alternative.   

Alternative 1

For Alternative 1, the proposed hydroelectric plant at Falls Lake will receive water from a 
branch off the proposed 17.5-foot diameter steel penstock extension of the existing tunnel. 
A new bypass gate structure will be constructed at the end of the new penstock which will 
discharge into the existing stilling basin (see Figure 2.2-3).

The hydroelectric plant will be served by a 10-foot diameter steel penstock which will be 
bifurcated to provide 7-foot diameter steel penstock branches to each of the two turbines. 
Each turbine will be provided with a butterfly valve designated to close for emergency 
shutdown of the turbines.

Each of the two horizontal Kaplan S-turbines will have a rated flow of 250 cfs at 50 feet of 
head and will operate at 514 rpm. Each unit will produce 0.95 MW for a total station 
capacity of 1.9 MW. The 2 turbine-generator units will be contained within a reinforced 
concrete powerhouse of the approximate dimensions shown on the accompanying drawing 
(see Figure 2.2-4). A tailrace will be excavated adjacent to the existing stilling basin to 
accept discharge from the units.

A temporary siphon will be constructed over the spillway to provide conservation and 
directed flows during construction. Use of a temporary siphon will require that reservoir 
elevations be managed between the spillway crest and 20 feet below the spillway crest.  If 
the reservoir elevation drops below 20 feet of the spillway crest, the siphons will not 
operate and downstream flows will cease.

A major challenge with this alternative is the need to divert flows from the tunnel 
downstream of the outlet tower during construction.  The options for achieving this 
diversion are limited, and the available options could reduce the capacity to pass flood 
releases from the Falls Lake facility during construction, and therefore bring into question 
as to whether the USACE, other facility stakeholders and potentially affected parties would 
accept this alternative.  Consequently, Alternative 2 is anticipated to be less viable due to 
constructability concerns, but is developed as an alternative for this pre-feasibility study.    

A switchyard will be provided adjacent to the powerhouse (see Figure 2.2-3). The voltage 
will be 4160 V from the generators and will be stepped up via a transformer to 13.2 kV for 
overhead transmission to an existing 13.2 kV transmission line located within 200 feet of 
the powerhouse. The existing line is owned by Progress Energy.



Final Pre-Feasibility Report – Falls Lake Dam Hydroelectric Project
Regulatory Overview and Water Quality Goals

H&S Project No. 31089-002 2-3

Alternative 2

For Alternative 2, vertical Kaplan turbines will be installed on the intake tower, which is 
located at the upstream face of the dam. The existing intake structure has two conduit 
openings that discharge into the outlet tunnel. One turbine and generator will be contained 
within a steel framed module that will be attached to the upstream face of the intake tower. 
There will be two turbines and two generator units; one in front of each of the conduit 
openings. Under flood conditions the turbine/generator module will be raised above the 
conduit openings to allow flood waters to pass through unimpeded. It should be noted this 
is a non-typical hydroelectric installation.  One component that will require special design 
is the shaft between the generator and the turbine which is over 40 feet long.  There is one 
other similar facility that is currently being constructed at Jordan Lake in North Carolina.   

Figure 2.2-5 presents the roof plan and a section through the proposed modules and 
existing intake tower.  The module tower is approximately 78 feet tall and 9 feet by 9 feet 
square.  The turbine is located near the bottom of the module and the generator nearer the 
top at elevation 260, above the normal pool elevation of 251.5.  A flume is created by 
covering the steel frame with steel panels. The water enters the flume through the upper 
trashrack then falls vertically trough the turbine and exits via the draft tube into the 
existing tunnel.  There is a second trashrack at the bottom of the module that protects the 
turbines from debris.  A section of concrete at the top of the existing tunnel entrance will 
need to be removed to allow room for the module to pass through it.  There are two fixed 
platforms that are attached to the intake tower.  These allow access to the equipment for 
maintenance.  The turbine can be raised to the elevation of the lower platform for 
maintenance.    

Each of the two turbines will have a rated flow of 300 cfs at 40 feet of head and will 
operate at 450 rpm. Each unit will produce 0.85 MW for a total station capacity of 1.7 
MW.  For release rates beyond 600 cfs, two proposed spill gates located near the two 
turbines will be opened and the turbines can continue operating up to a total discharge of 
2100 cfs.  For flows greater than 2100 cfs, the modules will be raised slightly to allow 
water to pass under, or the water quality gates will be opened. When the release rate 
exceeds 4000 cfs (less than 2% of the time according to both OASIS and gage records), the 
modules will be raised completely, allowing flow to enter the tunnels unimpeded.

The USACE will determine the discharge flows and the hydro operator will operate the 
turbines and spill gates accordingly.  Operation of the water quality, service and 
emergency gates will be by the USACE.  The hydro operator will raise and lower the 
modules as required for flow changes. 

An electric control booth will be cantilevered off the existing intake tower roof and will 
provide switchgear and breakers (see Figure 2.2-5). The voltage will be 4160 V from the 
generators and will be transmitted underground for 700 feet to the existing 13.2 kV 
underground transmission line where it will be stepped up via a transformer to 13.2 kV.   
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Table 2.2-1 summarizes the information on the number of turbines, type, rated net head, 
flow capacities, generation capacity, runner diameter, and rated speed provided by each 
vendor.  

Table 2.2-1:  Falls Lake Dam - Equipment Statistics

Statistic Alternative 1  

Vendor: Voith 

Alternative 2

Vendor: CHEC

No. of Turbines/
Runner Diameter

2 @ 1085 mm (3.6ft) 2 @ 1250 mm (4.1 ft)

Turbine Type Horizontal Kaplan S-
turbine

Vertical Kaplan

Rated Net Head 50.0 ft ( 15.24 m) 40.0 ft (12.20 m)

Min and Max Turbine 
Flow Capacity

2 @ 55-250 cfs
Total: 500 cfs

Min Operating Flow= 
55 cfs (22% of 250cfs)

2 @  85-300 cfs
Total: 600 cfs

Min Operating Flow= 
85 cfs (29% of 300 cfs)

Max Turbine 
Generation Output

2 @  0.95 MW
Total:  1.90 MW

2 @ 0.85 MW
Total: 1.70 MW

Rated Speed 2 @ 514 rpm 2 @ 450 rpm 

2.3 Turbine Quotes

Vendors provided only budgetary quotes at this time.  They will not provide firm pricing 
until formal bids are requested; however, these quotes are sufficient for this feasibility 
analysis.  Table 2.3-1 shows the pricing information provided by the vendors. The quotes 
did not include prices for all of the electrical equipment and installation costs.   Both of the 
quotes included the costs for turbines and generators with exciters.  The pricing was 
adjusted to ensure that all quotes were comparable.  Adjustments included additional costs 
for installation, control panels, programmable logic controllers (“PLC”), HPUs, 
switchgear, station service equipment, transportation to the site, import duties and the 
vendor’s advisor during construction and commissioning. In the OPCC, the 
turbine/generator cost and the accessory electrical equipment costs are entered as separate 
items.  The accessory electrical equipment costs include the HPU, control panels, PLC, 
switchgear and station service equipment.  The vendor’s advisory service during 
construction is to witness that the equipment has been installed according to warranty and 
to provide assistance during the start up of the equipment.
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Table 2.3-1:  Turbines, Generators (T/G) and Accessory (Acc.) Electrical Equipment 

Vendor Falls Lake Dam

Alternative 1 - Voith Budgetary Estimate:
Total with Adjustments:
Acc. Electric Equip. 
T/G Cost (Total w/ Adj.- Acc. Electric Equip.)

$4,630,000
$5,780,000
$1,120,000
$4,660,000

Alternative 2 - CHEC Budgetary Estimate:
Total with Adjustments:
Acc. Electric Equip. 
T/G Cost (Total w/ Adj.- Acc. Electric Equip.)

$1,000,000
$2,660,000

$430,000
$2,230,000
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Figure 2.2-1: Falls Lake Dam General Project Location Map

Data Source: North Carolina State – USGS Seamless, Counties – USGS Seamless, Cities – USGS Seamless, Dam – USGS 
Seamless, Streams - Major Hydrography: NC Center for Geographic Information and Analysis (nconemap.com), Watershed – 8-
digit HUs
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Figure 2.2-2: Falls Lake Dam Facilities Location Plan

Data Source:  Imagery – Local Orthophotography – Wake County 2005 (nconemap.com)
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Figure 2.2-3: Alternative 1:Downstream Powerhouse & 

Alternative 2:Intake Tower–Site Plan
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Figure 2.2-4: Alternative 1: Downstream Powerhouse – Plan and Section
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Figure 2.2-5: Alternative 2: Intake Tower – Plan and Section
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3 CURRENT OPERATIONS

The current plan of operation includes maintaining a target elevation, also known as 
normal pool elevation, of 251.5 feet NGVD29 (The National Geodetic Vertical Datum of 
1929) year round.  Flood control storage space is reserved between elevations 251.5 and 
264.8 feet NGVD29 with surcharge storage provided above the crest of the free-over-flow 
spillway (elevation 264.8 feet, NGVD).  Conservation storage between elevations 236.5 
and 251.5 feet NGVD29 is reserved for water supply as well as low flow and water quality 
control.  

Water Quality Pool releases are made from the Outlet Works at the Falls Lake Dam (See 
Figure 2.2-2).  The rate of release from the Water Quality Pool is dictated by several 
factors.  Releases from the Water Quality Pool are calibrated to develop a minimum target 
flow at the Clayton stream gage which is 33 river miles downstream of the Falls Lake 
Dam.  The flow target at the Clayton gage is 184 cfs during the period of November 1st

through March 31st and 254 cfs from April 1st through October 31st.  However, 
immediately below the dam there is a second minimum flow requirement.  During the 
November 1st to March 31st period, the minimum flow requirement is provided by opening 
both piggyback gates which release approximately 60 cfs (50 cfs to 62 cfs depending on 
the hydraulic head on the gates). From April 1st through October 31st the flow requirement 
at the foot of the dam is 100 cfs.  This second minimum flow requirement is enforced 
when less flow or even no flow would otherwise be needed in order to attain the minimum 
flow target at the Clayton gage.  This ensures that the portion of the river immediately 
downstream of the dam always has water flowing in it.  Discharges from the multilevel 
water quality gates are maintained from May 1 through November 14 during non-flood 
release periods to ensure that the highest quality water is released downstream.  When the 
lake elevation is above the normal pool the USACE may release flow in excess of the 
minimum flow requirement through the Outlet Works as dictated by its flood mitigation 
strategy.

The proposed Project is an instantaneous run-of-the-river facility utilizing the existing dam 
and reservoir.  At this time, there are no proposed changes in operation compared to the
present mode of operation. The expectation is to generate power from the releases already 
being made through the Outlet Works from the Water Quality Pool and Flood Pool in 
accordance with USACE policy.
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4 ENERGY MODELING

4.1 Overview of OASIS Model

The North Carolina Division of Water Resources (“DWR”) commissioned the 
development of a hydrologic model of the Neuse River Basin.   The model incorporates 82 
years of daily recorded hydrologic history in the basin from 1929 through 2010 and 
includes the approximately 20 significant reservoirs in the basin, including Falls Lake.  
The model was created by HydroLogics using OASIS, a generalized computer program for 
modeling the operation of water resources systems, and was accepted by DWR in early 
2010.  It is the official model for water resource management use by DWR, North Carolina 
Department of the Environment and Natural Resources (“NCDENR”).

OASIS models represent a river basin system using nodes (demands, inflow, reservoirs, 
etc.) and arcs (aqueducts, streams, etc.), and use linear programming optimization to 
simulate water routing decisions (e.g., reservoir releases or diversions) in the system using 
a daily time step, subject to both human operating rules and physical constraints. The 
OASIS model of the Neuse River Basin simulates the water supply demands, conservation 
releases, water level drawdowns, release mitigation needs, and other requirements 
applicable for each reservoir in the basin.  Output from the OASIS model includes daily 
reservoir elevations, total discharge, hydropower discharge, conservation releases, water 
supply withdrawals, and spillage.  The model simulates daily operations throughout the 
entire basin, including the current (2008) protocol provided by the USACE for making 
releases from Falls Lake Dam.  Thus, the entire 82-year period of record for Falls Lake is 
modeled based on current lake operating protocol.  For the purposes of this feasibility 
analysis, the model was used to develop a time-series of simulated releases from Falls 
Lake Dam over the period of available hydrologic history using the official USACE 
protocol for managing the Falls Lake Project.  The time-series of daily release volumes 
was then used to evaluate the feasibility of a hydropower facility on Falls Lake, as 
described in other sections of this report.  The general premise is that the previous 82 years 
of inflow will be representative of future inflows.2

4.2 Hydropower Inputs

The OASIS model simulates the reservoir operations.  Its outputs include discharges below 
each dam, reservoir elevations, and water withdrawals.  These variables remained fixed for 
the evaluation of each hydropower alternative.  To simulate hydropower generation, we 
developed a post-processor whereby the OASIS model outputs of discharges below each 
dam and reservoir elevation were used in conjunction with turbine efficiency curves, 

2 There is no guarantee that the flows over the previous 82 years, from a hydrologic perspective, will occur in 
the future.  Changes to land use in the watershed and climate change could result in changing the hydrologic 
budget.  It is not typical to evaluate these types of factors in this analysis.
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tailwater rating curves and estimated headlosses, to estimate daily and annual generation 
for the alternatives described in Section 2.  

The post-processor computed the daily generation using the following formula:

P = (Hnet x Q x E)/11.8, where:

P: Daily Power Generation (kW)
Hnet: Net Head, or Reservoir Elevation (ft) - Tailwater Elevation (ft) - Headloss (ft)
Q: Turbine Discharge (cfs)
E: Composite Turbine/Generator Efficiency (%)
11.8: conversion factor 

4.2.1 Reservoir Elevations

The reservoir elevation data was obtained from the OASIS model output, which is based 
on the National Geodetic Vertical Datum of 1929 (“NGVD29”).  Figure 4.2.1-1 shows the 
annual reservoir elevation duration curves for Falls Lake Dam Reservoir based on the 
OASIS Neuse River Basin modeling.   The spillway crest elevation is also shown on the 
figure.   The reservoir elevation duration curves were developed with the 2010 water 
supply demand of 52 MGD (44 MGD from Falls Lake and 8 MGD from the City’s other 
reservoirs) and at a future projected demand of 77 MGD.  The future demand of 77 MGD
is based on maximal use of existing water supply sources.  Recent demand projections 
indicate this level of water demand could be reached in the 2025 to 2030 time horizon.    
The maximum, median, and minimum reservoir elevations are summarized in Table 4.2.1-

1.   This table also summarizes the percentage of time the reservoir elevation would be 
expected to exceed the spillway crest elevation (i.e., resulting in spill) based on current 
USACE operating policies. 

Table 4.2.1-1: Reservoir Elevation Statistics for Falls Lake Dam Reservoir

(Datum: ft,  NGVD1929)

Statistic Falls Lake Dam

% of Time Reservoir Elevation Exceeds Spillway 
Crest Elevation on an Average Annual Basis

Less than 0.10%

Spillway Crest Elevation 264.8

Maximum Reservoir Elevation 267.0

Median Reservoir Elevation 251.0

Minimum Reservoir Elevation 241.6

Source: OASIS Modeling Results, Period of Record, 

1929-2010
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4.2.2 Tailwater Elevations

The tailwater elevation represents the approximate water surface elevation (“WSE”) 
immediately below the turbine(s) and varies based on flow.  

For Alternative 1, the discharge rating curve from the USGS gage number 02087183, 
located just downstream of the Falls Lake Dam, was used to determine the tailwater 
elevation at the downstream side of the powerhouse.   

For Alternative 2, a constant tailwater elevation of 209.0 was used.  This elevation is 2 feet 
above the top of the draft tube and will be controlled by the downstream service gates.

4.2.3 Headlosses

Headlosses occur from the reservoir intake to the turbine discharge location. Headlosses 
are attributable to trashracks, entrances, bends, tees, junctions, gates, valves, penstock 
friction, contraction/expansion, and draft tube exit losses.  Headlosses, expressed in feet, 
are computed by multiplying a headloss coefficient (C, unitless) times the velocity head 
(v2/2g).

HL = C * v2/2g, where

HL = headloss (in feet)
C = headloss coefficient (unitless).  This headloss coefficient varies depending on the 

headloss element (bend, valve, etc.)
v = velocity (ft/sec)
g = acceleration due to gravity (32.2 ft/sec2)

Considerable literature is available on headloss coefficients.3 The literature sources 
provide a range for the headloss coefficients and thus professional judgment is used to 
select an appropriate C value.  For this pre-feasibility level of study, a total estimated 
headloss was selected for each alternative based on engineering experience.  For 
Alternative 1, the headloss was estimated to be 2 feet.  For Alternative 2, the headloss was 
estimated to be 1.5 feet.  For the next level of feasibility study, detailed headloss 
calculations will be done for each specific loss.    

Table 4.2.3-1 shows the estimated headlosses for each alternative.  

3 Most headloss coefficients are determined under controlled laboratory conditions.
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Table 4.2.3-1: Falls Lake Dam – Estimated Headloss

Vendor, No. of 

Turbines and Runner 

Diameter Size

Hydroelectric 

Hydraulic 

Capacity

Maximum 

Headloss
Design Head

Headloss

Relative to 

Design Head

Alternative 1 Voith
2 – 1085 mm (3.6 ft)

500 cfs 2.0 ft 50.0 ft 4%

Alternative 2 CHEC
2 – 1250 mm (4.1 ft)

600 cfs 1.5 ft 40.0 ft 4%

4.2.4 Turbine-Generator Efficiencies

Vendors’ supplied turbine efficiency curves for each development are included in 
Appendix B.  The turbine efficiency curves used in the energy assessment are based on the 
maximum design head.  They are of a typical shape, with lower efficiencies occurring at 
lower flows, increasing to peak efficiency at what is commonly called “best gate” and then 
decreasing thereafter to the maximum hydraulic capacity of the turbine.  

The efficiency of the generators was not provided by the turbine vendors.  The vendor 
turbine efficiency curves were multiplied by a constant generator efficiency of 95%4 to 
yield a turbine-generator efficiency curve for each turbine.    

During the design phase of this project, vendors will be asked to provide more detailed 
turbine efficiency curves, including curves for a range of head conditions.  As necessary, 
the energy analysis can be refined using these more detailed curves.  

4.2.5 Development Hydraulic Capacities

Figure 4.2.5-1 shows the average annual discharge duration curves representing releases 
from Falls Lake Dam based on the OASIS modeling with the current water supply demand 
of 52 MGD and the future demand of 77 MGD. Table 4.2.5-1 presents the minimum flow 
in which one turbine can operate, as well as the maximum hydroelectric capacity for each 
alternative.  Also shown in the table is the approximate percentage of time (on average 
annual basis) the minimum and maximum hydroelectric capacities are equaled or 
exceeded.

4 The selection of 95% generator efficiency is based on professional judgment.
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Table 4.2.5-1: Falls Lake Dam Turbine Hydraulic Capacities

Vendor, No. of 

Turbines and 

Runner Diameter 

Size 

Minimum 

Hydroelectric 

Flow to Spin 

Smallest Turbine 

Percent of Time 

Minimum 

Hydroelectric 

Capacity is 

Exceeded on 

Average Annual 

Basis 

Maximum 

Hydroelectric 

Flow 

Percent of Time 

Maximum 

Hydroelectric 

Capacity is 

Exceeded on 

Average Annual 

Basis 

Alternative 1 Voith
2– 1085 mm ( 3.6 ft) 

 

55 cfs 99.9% 500 cfs 26% 

Alternative 2 CHEC
2 –1250 mm (4.1 ft) 

 

85cfs 85% 600 cfs 23% 

4.2.6 Development of Generation Estimates

The average annual generation was computed over the period 1929-2010.  Each day’s 
generation was computed using the post-processor based on the following:

! The daily reservoir elevation and release works discharge was produced by the 
OASIS model with the future projected water supply demand of 77 MGD.

! The daily headloss, tailwater elevation, and turbine-generator efficiency for the 
release works discharge was determined from the respective rating curves or 
fixed entry.

! The daily net head was computed by subtracting the headloss and tailwater 
elevation from the reservoir elevation.

! The daily generation was computed using the power equation with inputs of 
turbine-generator efficiency, net head, and release works discharge.  The daily 
generation was multiplied by 24 hours/day to yield kilowatt hours (“KWH”).

! The daily generation was then summed annually and the average generation was 
computed for the period of record (in MWH), which was used as input to the 
NPV analysis.

Table 4.2.6-1 shows the average annual generation for each development and alternative.
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Table 4.2.6-1: Falls Lake Dam Average Annual Generation

Alternative

/

Vendor

No. of 

Turbines 

and Runner 

Diameter 

Size

Minimum and 

Maximum 

Hydroelectric 

Flow

Rated 

Net 

Head

Hydroelectric 

Generation 

Capacity

MW

*Avg. 

Annual 

Generation

MWH/yr

Alternative 
1 Voith

2 – 1085 mm 
( 3.6 ft)

55- 500 cfs 50.0  ft 1.90 7256

Alternative 
2 CHEC 

2 – 1250 mm 
(4.1 ft)

85 -600 cfs 40.0  ft 1.70 4608

* Assumes 5% downtime due to scheduled and unscheduled outages.
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Figure 4.2.1-1: Falls Lake Dam Annual Reservoir Elevation Duration Curve, 

OASIS, Period of Record 1929-2010



Final Pre-feasibility Report – Falls Lake Dam Hydroelectric Project
Energy Modeling

H&S Project No. 31089-002 4-8

Figure 4.2.5-1: Falls Lake Dam, Annual Flow Duration Curve, 

OASIS, Period of Record 1929-2010
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4.2.7 Carbon Offsets

Hydropower generation relies on the force of falling water to spin a turbine which is 
connected to a generator and does not require the combustion of any fuel. As such, the 
process of hydroelectric generation does not emit carbon dioxide or any other greenhouse 
gas (GHG). Therefore the power that would be produced by this project can be considered 
to offset the emissions of an equivalent amount of power that would otherwise be 
generated using the available array of power production techniques in a given region.
Though it is usually referred to as a carbon offset, and is given in terms of carbon dioxide 
equivalents (CO2e), it includes the offsetting of carbon dioxide and other recognized GHG 
emissions. A carbon offset for power production is developed by comparing the average
GHG emission per unit of power production in this region with that of emissions for this 
project (none).  The EPA provides estimates of average power plant emissions by region.  
An estimate of the carbon offset for Alternatives 1 and 2 was made with the EPA’s 
eGRID2010 Version 1.1 Year 2007 GHG Annual Output Emission Rates using the annual 
non-baseload output emission rates. The carbon offsets for Alternatives 1 and 2 are
presented in Table 4.2.7-1 and are given in units of metric tons of carbon dioxide 
equivalents per year (CO2e).

Table 4.2.7-1: Carbon Offset Estimate for Project Alternatives

Estimated Annual Power 

Production

GHG Offset

Metric Tons of 

CO2e/yr

Alternative 1 7256 MWH/yr 6060

Alternative 2 4608 MWH/yr 3850
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5 LICENSING AND FEASIBILITY STUDY MILESTONES

5.1 Licensing and Feasibility Study Milestones

The licensing steps over the three year period covered by the Preliminary Permit fall 
under two broad categories - FERC licensing and feasibility assessment for hydropower 
development.  The major milestones within each of these categories are summarized below:

Licensing - Major Milestones

! Completion of the Notice of Intent, Pre-Application Document and Request to 
use the Traditional Licensing Process5

! Joint meeting and scoping with governmental agencies and other interested 
parties (December 1, 2011).

(September 1, 2011).

! Internal and external meetings and site visits.
! Development of Study Plans in consultation with governmental agencies and 

other interested parties (February 29, 2012).
! Conducting studies and developing reports according to the Study Plans 

(2012).
! Completion of a Draft License Application (due at FERC no later than 150 days 

prior to the Final License Application or approximately June 1, 2013).
! Completion of a Final License Application (due at FERC no later than 

November 1, 2013).

Feasibility Work - Major Milestones

! Development of a Preliminary Feasibility Study (August 2011).
! Development of a Detailed Feasibility Study (6 to 8 months from start date).  

5The City is seeking approval from the FERC to use the Traditional Licensing Process in lieu of the 
Integrated Licensing Process to license the Project. For this study, it was assumed the FERC will grant the 
request.
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6 ECONOMIC ANALYSIS

6.1 Falls Lake Dam Development

6.1.1 Opinion of Probable Construction Costs

The OPCC were developed based on the schematic design plans and turbine vendor 
budgetary quotes discussed in Section 2, engineering experience, and generally accepted 
cost estimating manuals.  For Alternative 1, the powerhouse was sized and the turbine 
centerline elevations were set based on data for the existing Falls Lake Dam facilities and 
the dimensions of available turbines and generators appropriate for the proposed project.  
The powerhouse and gatehouse structures, penstock, trashrack and temporary siphon costs 
were based on internal information.  The prices for valves and gates were from vendors.  
The turbine, generator and accessory electric equipment costs were from Voith.  
Transmission line costs were from internal information.   

For Alternative 2, the modules were sized to fit into the space between the stop log 
grooves.  The maximum size equipment that would fit was selected.   Costs for the 
majority of the structural items including the module, trashrack, stairs, platforms and 
controls building were taken from R. S. Means Construction Cost Data (“Means”) and 
internal information. The turbine and generator costs were from CHEC.  The accessory 
electric equipment and transmission line costs are based on internal information.  It should 
be noted the Chinese turbines are significantly less expensive than other manufacturers 
(less than half in some cases) but they do not have a long track record in the United States.  
CHEC turbines have been installed at a dozen hydroelectric facilities in the United States 
since 2001, and are currently being installed at the hydroelectric project at Jordan Lake in 
North Carolina.

A contingency of 25% has been added, based on the schematic level of design.  Other 
costs include engineering, administration and construction services costs. Full time 
construction management costs for Alternative 1 and part time for Alternative 2 were 
added.  The total OPCC are shown in Table 6.1.2-1 and in more detail in Appendix C.

The following assumptions were made in developing the OPCC:

! Costs are referenced to July 1, 2011.

! A Mobilization/Demobilization cost of 10% was used.  

6.1.2 Cost Analysis

Table 6.1.2-1 provides a summary of the generation estimates, OPCC, plant factor, and 
project cost for each alternative.  
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Table 6.1.2-1: Falls Lake Dam Development- Cost Analysis

Alternative

/

Vendor

No. of 

Turbines 

and Runner 

Diameter 

Size

Capacity

(MW)

Avg. 

Annual 

Generation 

(MWH/yr)

OPCC 

($2011)

millions

Plant Factor 

(Avg Ann 

Gen/ 

Capacity x 

8760 hrs/yr)

(%)

*Cost of 

Capacity 

(OPCC/

Capacity)

($/MW)

millions

**Cost of 

Energy

(OPCC/

Avg Ann

Gen.

($/MWH)

Alternative 
1 Voith

2 – 1085 
mm (3.6 ft)

1.90 7256 $28.4M 44% $14.9M $3,910

Alternative 
2 CHEC

2 – 1250 
mm (4.1 ft)

1.70 4608 $7.8M 31% $4.6M $1,700

* Rounded to $1,000.  ** Rounded to $10.

6.1.3 Economic Analysis

Net Present Value Analysis - Input Variables

An economic analysis was conducted for each alternative (see Appendix D for the NPV 
spreadsheets).  It should be noted that the licensing and feasibility study costs are 
considered sunk costs and therefore are not included in the NPV analysis.  The following 
variables were included in the analyses:

! Estimated Average Annual Generation - the average annual generation was 
computed using the OASIS model and period of record.  The average annual 
energy was assumed to be constant over the time horizon (50 years).  The 
generation estimates used in the economic analysis are shown in Table 6.1.2-1.
In any year, energy generation may be higher or lower than the estimated 
average.

! Price of Power – Progress Energy (“PE”) is required under Section 210 of the 
Public Utility Regulatory Policies Act (“PURPA”) to offer to purchase available 
electric energy and associated capacity from cogeneration and small power 
production facilities.  For such energy and capacity purchases, PE is required to 
pay rates which are just and reasonable to the ratepayers of the utility, are in the 
public interest, and do not discriminate against cogenerators or small power 
producers6

6 Small power producers include hydroelectric facilities contracting to sell 5 MW or less of capacity and 
associated energy.

.  The North Carolina Utilities Commission (“NCUC”) utilizes the 
“Peaker Methodology” to establish PE’s avoided cost energy and capacity rates.  



Final Pre-Feasibility Report – Falls Lake Dam Hydroelectric Project
Economic Analysis

H&S Project No. 31089-002 6-3

According to the theory underlying the Peaker method, if a utility’s generating 
system is operating at equilibrium (i.e., at the optimal point) the capital cost of a 
peaker plant plus the marginal energy cost of the system will produce the utility’s 
avoided energy and capacity costs.  

In Docket No. E-100, Sub 127, PE received NCUC approval to issue updated short-term 
and long-term (i.e., 15-years) energy and capacity avoided cost rates.  The published long-
term rates along with current Renewable Energy Certificate (“REC”) price projections7

and projected Greenhouse Gas (“GHG”) emission price levels8

! Time Horizon – a 50-year time horizon was evaluated.  The 50-year time horizon
reflects the likely licensing term the City would receive. FERC typically 
issues 50-year license terms for newly constructed projects. Hydropower 
projects, if well-maintained, have a life of 70 years or more.

formed the foundation of 
the first fourteen years (2012 – 2025) of BAI’s preliminary reference price forecast.  For 
the forecast years 2026 – 2035 BAI relied on future fuel trend price projections from the 
2011 Energy Information Administration (“EIA”) Annual Energy Outlook to derive the 
system marginal energy cost projection.  PE has a plan to retire a portion of its existing 
coal fired generating plants and replace them with new natural gas fired plants.  This will 
translate into the price of natural gas setting PE’s marginal energy cost on a more frequent 
basis.  For the forecast years 2036 – 2081 system marginal energy cost projections were 
based on future fuel cost projections derived from historical annual average growth rates.  
BAI further relied on historical annual average growth rates from 2012 – 2025 to develop 
projected avoided capacity rates, REC prices and GHG emission price levels for the 
forecast years 2026 – 2081.    BAI’s high and low electricity price forecasts are based on 
bandwidths around the mean reference case.  

! Engineering and capital costs. 

! Major maintenance items including a major turbine overhaul at year 25 and a 
generator re-wind at year 30.

! The annual O&M cost of $20/MWH was applied to the base case.  This cost 
includes annual O&M and capital projects excluding the turbine overhaul and 
generator re-wind noted above.

! A 4.7% bond issue rate was used to cover the project’s initial capital costs and the 
debt on the bond was assumed to be amortized over 30 years. *

! A 4.5% annual escalation rate was applied to engineering, capital costs, and 
future capital expenditures considered major maintenance.*

7 Duke Energy recently announced a plan to purchase Progress Energy and has established a standard offer 
price for Renewable Energy Certificates for the years 2012 – 2025.  This price information was utilized in the 
development of the reference price forecast.  
8 Greenhouse Gas emission prices were derived from a recent Duke Energy CO2 price forecast through 2030.  
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! A 3.0% annual O&M escalation rate was applied to general annual O&M
expense.*

! A 4.7% discount rate was used over a 50-year time horizon.*

! BAI developed a rate of 2.0% of the total project cost for the bond issuance 
charges.

! Construction is anticipated to start in 2016 for Alternative 2, approximately the 
same time as the FERC rules on the City’s application. Design would occur 
during the 2014 to 2015 period.

* These percentages were confirmed or provided by the City.

Incentives

There are a variety of economic incentive programs theoretically available for 
hydroelectric development.  The sunset provisions for these programs and the availability 
of funds in a competitive environment are in a state of flux.  The programs are described 
below.  To be conservative, no benefits from any of these programs have been applied to 
the economic analysis.  The actual availability of funds and the ability of the City to 
procure them require more scrutiny than is warranted in this pre-feasibility assessment.  To 
the extent the City is able to obtain such funds, the economics of the Project will be 
correspondingly improved.

For example, the Clean Renewable Energy Bonds (“CREBs”) program awarded the entire 
Treasury allocation of $2.4 billion in CREBs in October 2009 and the Production Tax 
Credit (“PTC”) program currently expires on December 31, 2013.  Although Congress has 
been allocating additional funds and extending deadlines, it is not clear that these programs 
will remain available for this project’s anticipated time frame.  

The CREBs program was created under the Energy Tax Incentives Act of 2005, which 
added Section 54 to the Internal Revenue Code.  The CREBs program is for public power 
providers.  Entities receiving CREBs must use 100% of the proceeds for capital 
expenditures.  CREBs  were designed to be interest free by the federal government by 
extending a tax credit to investors in lieu of interest payments from the issuer.  However, 
the 2010 HIRE Act changed CREBs from tax credit bonds to direct subsidy bonds.  The 
issuer pays the investor a taxable coupon and receives a rebate from the U.S. Treasury.  

Section 410 of the American Recovery and Reinvestment Act of 2009 increased State 
Energy Grants by $3.1 billion dollars.  These funds are administrated by the DOE and are 
distributed through the existing State Energy Program.9

9 Authorized under the Energy Policy and Conservation Act of 1975.

North Carolina's Renewable 
Energy and Energy Efficiency Portfolio Standard (REPS), established by Senate Bill 3 in 
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August 2007, requires all investor-owned utilities in the state to supply 12.5% of 2020 
retail electricity sales (in North Carolina) from eligible energy resources by 2021. 
Municipal utilities and electric cooperatives must meet a target of 10% renewables by 2018 
and are subject to slightly different rules. In February 2008, the NCUC issued an order 
adopting final rules to implement the REPS. 

Section 45 of the Internal Revenue Code of 1986 provides a PTC to owners or operators of 
electric generation facilities that produce electricity from qualified facilities. This 
credit applies to adding incremental power at existing hydroelectric facilities and new 
hydroelectric facilities to non-hydroelectric dams. Projects certified for the PTC receive 
a 1.1 cent per KW hour credit for ten years (the credit is adjusted for inflation).  The 
pursuit of this alternative would require consideration of the City’s municipal preference, 
and whether there are opportunities to partner with a taxpaying entity to take advantage of 
the PTC.

The Department of Treasury Section 1603 Tax Grant Program provides cash payment of 
up to 30 percent of equipment costs in place of the Investment Tax Credit (“ITC”).  The 
project must be placed in service before January 1, 2014.   A taxpayer eligible for the PTC 
can take the Section 48 ITC or the Section 1603 in lieu of the PTC. 

Net Present Value Analysis

A baseline NPV analysis was conducted for each alternative.  The baseline case is 
summarized below:

! Baseline Case- based on reference energy prices, a bond rate of 4.7%, a 
discount rate of 4.7%, and annual O&M costs of $20/MWH.

Table 6.1.3-1 lists by alternative, the NPV results for the baseline case. 

Table 6.1.3-1: Falls Lake Dam Development Net Present Value Analysis

Alternative/

Vendor

Alternatives – No. of 

Turbines and Runner 

Diameter Size

Baseline

NPV, 50-yr, with 30-yr 

Debt Retirement

Alternative 1 
Voith

2 turbines total
2 – 1085 mm (3.6 ft)

-$16,815,618

Alternative 2 
CHEC

2 turbines total
2 – 1250 mm (4.1 ft)

-$687,911
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6.1.4 Conclusions

The large negative NPV for Alternative 1 shows that the downstream powerhouse 
alternative is not economically feasible over a 50-year term and 30-year debt retirement.  
For Alternative 2 – intake tower, the NPV is also negative, but the number is much less 
negative than for Alternative 1.

6.1.5 Sensitivity Analysis

Alternative 2 shows a small (relative to the initial capital investment) net negative NPV.  
However, this conclusion hinges on a number of assumptions for which precise values 
cannot be determined at this juncture.  A sensitivity analysis will help determine which 
of these assumptions have the most influence on the project’s NPV and how the 
outcome might change if their values differ from those assumed in this report. The 
assumptions that could influence the project’s NPV include the estimates for the capital 
cost of the project, price of power, amount of power generated, escalation (inflation) of
operations and maintenance costs, the bond issue rate, and the discount rate. A 
sensitivity analysis was done for a combined bond issue rate / discount rate (varied 
together) and the price of power.  The  results of this sensitivity analysis is shown below 
in Table 6.1.5-1

Table 6.1.5-1: Falls Lake Hydroelectric - Net Present Value Sensitivity Analysis

Energy Price

Bond Issue

Rate/

Discount Rate

Low Price
Reference 

Price
High Price

2.0% $4,315,409 $7,763,041 $12,044,372

2.5% $2,510,029 $5,348,152 $8,859,675

3.0% $1,072,392 $3,420,110 $6,313,885

3.5% -$73,768 $1,877,827 $4,273,993

4.0% $642,231 $2,636,003

4.5% -$348,722 $1,318,367

4.7% (base case) -$687,911 $866,154

5.0% $866,154

5.5% -$598,851

The results indicate that both factors have a significant influence on whether or not the 
NPV of the project is positive as well as on the magnitude of the NPV.  The Bond Issue 
Rate may be unlike many of the other factors insomuch as it could be fixed early on in 
the project and possibly even before the decision to construct the project is made.   
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6.2 Recommendations

Even though Alternative 2 is a marginal project based on the current best estimate of NPV,
we recommend moving forward with more detailed evaluations and a more robust 
sensitivity analysis.  Doing so will provide a better sense of the impact of the input 
parameters on the NPV result.  In addition to the factors mentioned in 6.1.5 as having 
influence on the NPV of the project, renewable power incentives, if available, will have 
a positive impact on the project’s NPV and were not included in this analysis.

Should the City elect to move forward with the project following the review of the 
sensitivity analysis results, the next step would be the preparation of a detailed feasibility 
study.  By further refining the energy price forecast and construction costs, a more accurate 
NPV can be determined. 

The detailed feasibility study would include the following tasks:

! Obtain as-built drawings of the intake tower and dam and prepare an accurate 
base plan.  If as-built drawings are not available, survey of the intake tower, 
bridge and transmission line area would be needed. 

! Obtain more detailed turbine and generator information from CHEC for the 
intake tower development.

! Obtain quotes from additional turbine vendors.

! Develop a detailed energy price forecast based on projected avoided cost energy 
prices and renewable energy credit values applied to the estimated energy output 
associated with the project.

! Prepare an interconnection study to determine whether the existing transmission 
system can accommodate the power generated by the hydro facility. 

! Meet with the USACE to discuss their engineering and operating concerns, and 
determine what structural analyses they require.

! Review the loading restrictions on the bridge and intake tower, and determine 
how that affects construction.

! Have a structural engineer visit the site to conduct a visual inspection of the 
intake tower and to obtain information to assist in developing conceptual design 
plans.  

! Prepare a detailed headloss analysis.

! Have an electrical engineer prepare a one-line diagram, conceptual layout of the 
electric control booth, transmission line and transformer, and cost estimate.  

! Further review of renewable power generation incentives.

Once the information from the above scope items is completed, the following work can 
commence for the detailed feasibility study.

! Refine energy analyses based on new turbine/generator information and detailed 
headloss calculations.  
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! Develop conceptual site drawings based on detailed topographic and planimetric 
features and new turbine/generator layouts.  The design will take into 
consideration the maintenance of equipment and constructability.  

! Analyze the recommended development to ensure it meets the USACE operation 
plan and dam safety requirements.  

! Perform detailed quantity takeoffs based on new conceptual plans.

! Revise cost opinion based on new quantity takeoffs and market prices.  

! Update the economic analysis based on the updated energy price projections, cost 
estimates and generated energy.  A sensitivity analysis for the detailed feasibility 
study NPV runs can be done, if desired, and the results compared with the results 
of the baseline condition to see which input parameters have the greatest impact 
on the NPV.  

! Prepare a report presenting the proposed project layouts, the turbine/generator 
equipment information and cost quotes, the energy price projections, the energy 
analyses, the interconnection study results, the construction cost estimates, and 
the economic analyses.
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Schedule

The preliminary permit for the Falls Lake Dam Project was issued by the FERC in 
November 2010.  The City has until November 2013 (3 years) to submit its Final License 
Application with the FERC.  The tasks in Table 1 are required as part of the traditional 
licensing process10

A key date is license issuance, which is projected to occur approximately two years after 
filing the Final License Application assuming there are no extensive AIRs.  FERC 
typically requires construction of the hydropower facilities to begin within two years of 
license issuance and to be completed within four years of license issuance.

following the filing of the Final License Application.  Approximate 
dates of completion are shown and were benchmarked against other traditional licensing 
processes.   These dates are subject to change, as many of the tasks are in FERC’s control.  
After filing the Final License Application, additional information requests (“AIRs”) may 
be submitted by other parties, including non government organizations.  If FERC finds 
that the AIRs are relevant, the City must address the issue, which could require field work 
and delay the overall process.  

Table 1: Tasks Following Filing of License Application

Task Approximate Schedule

File Final License Application and 401 Water Quality Certification Request November 1, 2013
(firm date)

FERC issues “Notice of Application Tendered for filing with the 
Commission, Soliciting Additional Study Requests, and Establishing 
Procedural Schedule for Licensing and Deadline for Submission of Final 
Amendments”

(within 14 days after filing the Final License Application)

November 15, 2013

Stakeholders must file any AIRs 

(no later than 60 days after filing the Final License Application)

January 1, 2013

FERC issues letter to Licensee outlining AIRs

(regulations do not contain a date when FERC must issue this letter; 
benchmarked against another traditional licensing processes and assumed 
130 days after the Stakeholders file AIRs)

May 10, 2014

Submit Response to AIRs 

(within 120 days of the date of FERC notifying the Licensee of the AIRs)

November 10, 2014

10 The City is seeking approval from the FERC to use the Traditional Licensing Process in lieu of the 
Integrated Licensing Process to license the Project. For this study, it was assumed the FERC will grant the 
request.
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Task Approximate Schedule

NOTE: Although FERC requires 120 days to respond to AIRs, the schedule 
is commonly dictated by the number and extent of AIRs.  For example, past 
experience indicates that upwards of 18 months can be required to complete 
the AIRs, if extensive field work is required.  

FERC issues letter informing public they are conducting the National 
Environmental Policy Act scoping for the Falls Lake Dam Project and 
issues the Scoping Document.  FERC, in a separate filing, will provide 
notice soliciting scoping comments.

(regulations do not contain a date when FERC must issue the Scoping 
Document; benchmarked against another traditional licensing process and 
assumed two months)

January 10, 2015

Comments due on Scoping Document

(within 30 days of issuing Scoping Document)

February 10, 2015

FERC issues “Notice of Application Accepted for Filing, Soliciting 
Motions to Intervene and Protests, Ready for Environmental Analysis and 
Soliciting Comments, Recommendations, Terms and Conditions, and 
Fishway Prescriptions”

(regulations do not contain a date when FERC must issue this notification;  
benchmarked against another traditional licensing process and assumed one 
month)

March 10, 2015

Reply comments on Application 

(within 105 days of the Notice of Application Accepted for Filing)

June 25, 2015

FERC issues Notice of Availability of Environmental Assessment 

(regulations do not contain a date when FERC must issue this notification; 
benchmarked against another traditional licensing process and assumed one 
month)

August 1, 2013

Comments due on Environmental Assessment 

(within 30 days of Notice of Availability of Environmental Assessment)

September 1, 2015

FERC issues Orders Issuing License

(regulations do not contain a date when FERC must issue the license orders; 
benchmarked against another traditional licensing process and assumed four 
months following the due date for comments on the Environmental 
Assessment)

January 1, 2016

Article within FERC License will address start and completion of 
construction

(typically, the article calls for commencement of construction two (2) years 
following License Issuance and completion of construction within four (4) 
years of license issuance)

Construction Start- 2016
Construction Complete-
2017
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! Alternative 1 – Downstream Powerhouse -

Voith

! Alternative 2  - Intake Tower - CHEC



B-1



Appendix C: 

Opinion of Probable Construction Costs for

Falls Lake Dam Development

! Alternative 1 – Downstream Powerhouse

! Alternative 2 – Intake Tower
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Appendix D:

Net Present Value Analyses

! Alternative 1 – Downstream 

Powerhouse

o Base Case, 50-year, Voith

! Alternative 2 – Intake Tower

o Base Case, 50-year, CHEC
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Appendix E: 

Preliminary 70-Year Electric Price Forecast

Progress Energy Avoided Energy Costs
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Appendix F: 

eGRID2010 Version 1.1 Year 2007 

GHG Annual Output Emission Rates
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